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鱼腥藻为底栖蓝藻。从 Susan.Golden 实验室得到 6 种聚球藻菌毛突变株，通过静置
培养观察发现它们的悬浮能力都有一定程度的下降，而最明显的是 pilA1 基因缺陷
突变株 26D12。26D12 由于不能表达菌毛蛋白 PILA1，该藻的悬浮能力与野生型相
比有明显的下降。通过克隆 pilA1 基因构建接合转化系统把 pilA1 基因分别导入聚
球藻 pilA1 缺陷突变株和野生鱼腥藻，观察悬浮能力的变化，从而鉴定 pilA1 基因
是否对藻类的悬浮起关键作用，这项研究对蓝藻水华的形成和防治工作具有重要意
义。本文研究的主要内容和结果如下： 
（1） 克隆了 pilA1 基因，构建 pET-28a-pilA1 载体，并在大肠杆菌进行了蛋白表达， 
得到了包涵体蛋白，但该包涵体蛋白无活性。 
（2） 利用蓝藻接合转移系统，将 pilA1 基因分别导入聚球藻 7942 的 pilA1 基因突 
变株 26D12 以及悬浮能力差的无菌毛的野生鱼腥藻株 7120，成功获得了回复突变的
聚球藻株和表达菌毛蛋白的鱼腥藻株。通过悬浮实验发现 26D12 回复突变后恢复了
其悬浮能力，而悬浮能力差的鱼腥藻的细胞沉降速率也大大降低，说明 PILA1 菌毛
蛋白对藻的悬浮能力有一定作用。电镜结果也证实了聚球藻 7942 的 pilA1 突变株
26D12 与回复突变的聚球藻细胞存在明显差异。 
（3） 构建了能在蓝藻中独立复制的 pEGFP-PBS 穿梭质粒，通过自然转化法转化 
野生聚球藻、26D12 和回复突变株，利用荧光显微镜进行观察并用流式细胞仪对三
种藻的转化率进行统计，野生聚球藻和回复突变株 26D12-pilA1 均能被转化并表达
GFP，而在 pilA1 缺陷株 26D12 中未检测到 GFP 的表达，从而验证菌毛在蓝藻吸收
外源 DNA 过程中起重要的作用。 
















Nowadays，cyanobacteria blooms have been occurring in lakes worldwide and have 
been reported to have harmful effects on human being. In fresh water, the environmental 
problem of cyanobacteria blooms are the consequence of an excess of nutrients we 
commonly call eutrophication. One of the main reasons of blue-green algae bloom is that 
they can occupy the most appropriate ecological surface. Studying “vertical motility” of 
cyanobacteria plays a key role in understanding the mechanism of blue-green algae 
bloom. 
Both Synechococcus sp. PCC7942 and Anabaena sp. PCC 7120 are model 
organisms. We obtained six pilus mutation strains from Susan Golden’s lab and found 
they show different decrease in suspension ability, the most significant strain is 26D12. 
we found that Synechococcus sp of ΔpilA1 show poor suspension capability compare 
with the wild strain.we clone the pilA1 gene and introduce the exogenous gene into 
26D12 and Anabaena sp. PCC 7120 by the conjugal transfer system, then to observe 
whether their suspension capability has altered or not, which is of great significance to 
the molecular genetic mechanism study of Synechococcus sp. PCC7942 and Anabaena sp. 
PCC 7120. The main research results were as follows: 
(1) We clone the pilA1 gene and construct pET-28a-pilA1 plasmid.PILA1 protein  
is induced and expressed in E.coli, but no active protein are achieved.   
(2) We clone the pilA1 gene and introduce it into 26D12 and Anabaena sp. 
PCC7120 through conjugal transfer system, and we successfully acquired the mutation 
strains. Through suspension experiment, 26D12 with pilA1 gene restore the suspension 
ability, and the cell sendimentation rate of Anabaena, which has a poor suspension ability, 
is also greatly reduced, inditating that PILA1 plays a important role in the algae’ 
suspension ability. TEM pictures also show that 26D12 has a significantly different cells 















(3) We introduce the plasmid pEGFP-PBS into Synechococcus sp. PCC7942, 26D12 
and 26D12-pilA1 by natural transformation.then using the FACS to identify the 
transformation efficiency of them. Wild type and 26D12-pilA1 could be transformed and 
express GFP, but 26D12 could not. Consequently, we concede that the pilus play a key 
role in the transformation.  
 























































单细胞蓝藻S. elongatus PCC 7942是一种淡水湖泊中的光合自养生物。它的基因
组由一个环状染色体(~2.7 Mb, GenBank accession No.CP000100)，一个大的内生质粒















































































































































































    虽然蓝藻质粒本身无法在大肠杆菌中复制，但利用质粒构建的许多穿梭载体却
能够同时在大肠杆菌和蓝藻中复制，这些穿梭质粒载体都是加入了细菌遗传标记的
重组质粒。1980 年，Hondel 等[43]首次得到了能在蓝藻中转化并表达氨苄抗性的杂
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